INTRODUCTION
The global burden of cirrhosis and primary liver cancer, due mainly to chronic hepatitis C (CHC), is increasing and has reached 1.7 million related deaths a year worldwide. 1 2 The burden of CHC could be greatly reduced, given the emergence of highly effective direct-acting antiviral agents (DAAs) 3 and the availability of effective noninvasive biomarkers for identifying patients with severe liver disease, [4] [5] [6] who should be given priority for the use of these expensive DAAs. [7] [8] [9] The failure of risk-based screening with hepatitis C virus (HCV) serology testing to identify the 3 million cases of CHC and the over-representation of CHC in people born between 1945 and 1965 ('baby boomer' population) has led to birth cohort screening in the USA, regardless of whether risk factors are present or not. 10 The effectiveness of such a strategy has not been proved.
Strengths and limitations of this study
▪ Using fibrosis biomarkers it was possible to assess the relationships between fibrosis, activity, age and gender at a scale (more than 1 million subjects) unreachable by biopsy. ▪ In comparison with France there was a dramatically lower awareness of cirrhosis in the USA for women born between 1935 and 1944. Women born before 1945 with a life expectancy of >80 years should be considered for non-invasive screening of liver fibrosis if cost-effective. ▪ In the USA 82% and in France 85% of subjects were classified, as either the highest or lowest priority for treatment. ▪ This was not a standard observational study and bias associated with the prescription of patented tests is possible.
Several barriers need to be overcome to completely realise the benefit of screening in reducing liver-related morbidity and mortality. Even for CHC, where effective treatments exist, fewer than 10% of cases are cured. Among these barriers, assessment of the extent of histological damage (fibrosis stage and necroinflammatory activity, which define severity) is one important component of patient evaluation. When a severe disease is identified, any barrier to care and starting treatment must be overcome. 11 Liver disease severity has traditionally been assessed by liver biopsy. Since the standardisation of fibrosis and grading of activity in CHC, 12 it has been possible to assess the main factors (age and gender) associated with the natural history of fibrosis and its progression to the last stage, cirrhosis. 13 However, these studies, including ours, 13 14 are rare, and limited by their sample size, with few studies including more than 2000 cases, which did not allow for follow-up of the awareness of fibrosis (see online supplementary data S1). Since 2002 the availability of biomarkers for identifying severe liver disease, 15 and the centralisation of software-combined biomarkers, such as the FibroTest (FT), 5 16 17 has enabled us to assess the global awareness of liver fibrosis and activity in 100 times more patients than was possible with biopsy (see online supplementary data S2). The FT has been extensively validated, using biopsy as a reference, in CHC, 4-6 15-18 chronic hepatitis B (CHB), 19 alcoholic liver disease (ALD) 20 and non-alcoholic fatty liver disease (NAFLD); 6 21 22 this has included modelling fibrosis progression or regression, 22 and prognostic values. 20 23-25 The reliability rate among 345 695 consecutive tests was >97%, even in tertiary centres. 17 Several screening studies using FT have been performed in general populations, [26] [27] [28] [29] in patients with diabetes 25 30-32 and in those with dyslipidaemia. 33 Increased awareness of the severity of liver disease should result from effective antiviral treatment (DAAs), the requirement for a fibrosis score to support DDA reimbursement and a screening strategy, such as the USA baby boomer campaign. We aimed to compare the awareness between USA and France, two countries with similar access to HCV and hepatitis B virus (HBV) treatment, rules for treatment reimbursement, availability of validated fibrosis tests for more than 12 years, but different health strategies, as only the USA started a national screening campaign. 4 34-37 Our first objective was to compare the incidence rate after 2013, when the USA campaign started. Second, we aimed to assess whether the 1945 birth-year threshold of the USA campaign was appropriate in view of the increased life expectancy of women. 38 The third objective was to estimate, on a large scale, the proportion of patients with CHC and severe liver disease who might benefit from prioritisation to expensive DAAs. [7] [8] [9] To achieve these objectives we analysed retrospectively a centralised database which combined fibrosis and necroinflammatory activity blood biomarkers (n=1 081 657 FibroTest-ActiTest (FT-AT)). For the first time we were able to describe the awareness of both liver fibrosis and activity, on a scale that was impossible using biopsy.
METHODS
This non-interventional study was exempt from institutional review board (IRB) review (ethical committee of 'Comité de Protection des Personnes of Paris, Ile-de-France,' FIBROFRANCE project. CPP-IDF-VI, 10-1996-DR-964, DR-2012-222 and USA-NCT01927133). No patient consent was required, as all data were analysed anonymously. Clinical investigation was conducted according to the principles of the Declaration of Helsinki. All authors had access to the study data and reviewed and approved the final manuscript.
Test prescriptions and validation
FT-AT is a patented 'In Vitro Diagnostic Multivariate Index Assay' for the diagnosis of fibrosis stages (FT), including cirrhosis, and for activity grades (AT). FT includes serum α2-macroglobulin, apolipoprotein A1, haptoglobin, total bilirubin and γ-glutamyltranspeptidase, adjusted for age and gender. AT includes the same components plus alanine aminotransferase (ALT). FT-AT is exclusively available online, including security algorithms 16 17 (see online supplementary data S2). Modelling of fibrosis progression or regression and prognostic performances were similar for FT and liver biopsy whatever the cause of the liver disease; 4 6 18-24 both methods had the same limitations for discriminating between intermediate stages of fibrosis.
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The inclusion criterion was an FT-AT prescription for each subject, through an authorised laboratory connected to the BioPredictive website. Exclusion criteria were possible duplicates (same date of birth, country and gender) and non-reliable results identified using security algorithms.
Impact of the HCV screening campaign, on FT prescription rates, in the USA Our hypothesis was that the FT prescription rates could be used as an index of fibrosis awareness, as assessing fibrosis stage is a major requirement for access to antiviral treatment and cost coverage by health systems. Therefore our aim was not to assess the prevalence of CHC or other chronic liver disease, but to estimate the awareness of advanced liver fibrosis during the past 12 years and the association of this awareness with age and gender-the two major risk factors, [40] [41] [42] and screening policy. We focused, on the USA and France with highest number of FT-AT subjects-about two-thirds of the database.
Appropriateness of the 1945 birth-year threshold of the USA campaign in women We acknowledge that screening recommendations must be shaped by data collected with a minimum of bias and that those recommendations must be based on costeffectiveness analyses. Our database was the first to assess fibrosis severity in a large population of patients aged >65 years. Our previous hypothesis was that the 1945 birth-year threshold should have been earlier for women without associated severe disease. Since 1997, 13 ageing has been shown to be the most significant independent risk factor of fibrosis severity among patients with CHC, 26 25 31-34 40 and in 2010 the mean life expectancy of women in the USA reached 80.5 years (95% CI 80.5 to 80.6). 38 Therefore, women born between 1935 and 1944 should be included in the HCV screening as the risk of cirrhosis would be expected to be very high in this subgroup.
HCV infection started to rise in the USA in subjects born between 1920 and 1930, 10 with an estimated prevalence of HCV infection reaching 2.0% at the birth year of 1935 (shown in figure 6 of the landmark article of Armstrong et al 43 ) . For the period 1935-1944, no comparative data were found for women versus men, but even if infection in women were half that in men the greater life expectancy of women in this category would justify their inclusion in screening. We therefore planned to compare the prevalence of cirrhosis detected in women born between 1935 and 1944 in the USA, and a screening strategy starting at birth-year 1945, with France, where FT was prescribed without any age threshold (see online supplementary data S3). The same comparison was performed for men with the same years of birth to assess possible differences associated with shorter life expectancy.
Proportion of priority groups according to the context of use of DAA in CHC The consensus in the guidelines was that for expensive DAA treatment the highest priority should be given to its use in patients with CHC with stages F3F4 and the lowest priority to patients without significant fibrosis or activity (F0F1-A0A1). 3 6-9 11 The intermediate priority groups were patients with stage F2 and those with nonmodifiable host factors associated with accelerated fibrosis progression, such as activity grade. 8 9 11 We assessed the proportion of patients in these priority categories according to a combination of these factors in the USA results, where FT had a specific indication in CHC under the commercial brand name HCV-FibroSure (see online supplementary data S4).
Sensitivity analyses
We performed three sensitivity analyses on primary endpoints taking into account the main limitations of our study: no cause of liver disease in France, no biopsy and age and gender as confounding factors.
First, as our database did not include the cause of liver disease in France, we compared the endpoints in a cohort of patients with and without CHC from our Paris daycare (PDC) hospital for which causes of liver diseases were established, and used the USA CHC population as control (see online supplementary data S5). We estimated the representativeness of our samples using published prevalences of different liver diseases in France and the USA (see online supplementary data S6).
Second, FT is a surrogate and not a direct marker of fibrosis severity. Therefore we assessed the endpoints using biopsy. For the impact of the campaign in the USA, we searched Medline for the rate of biopsies performed in each of five countries over the past 10 years. For the appropriateness of the 1945 threshold, we obtained the same density plots for fibrosis estimated using biopsy and year of birth, in an integrated database of 6412 patients with naive CHC (see online supplementary data S7).
Third, FT includes age and gender in its algorithm, which might lead to overestimation of the impact of these factors on fibrosis prevalence. We performed analyses that neutralised the weight of age, gender and both (see online supplementary data S8). To identify possible bias among the CHC population, we also compared PDC characteristics with a tertiary centre population, an HIV tertiary centre and with outpatients reimbursed for HCV-FT testing (see online supplementary data S9).
Statistical methods
To compare the prevalence of cirrhosis awareness between USA and France, we performed a multivariate regression analysis that was adjusted for age and gender, and used the USA prevalence as a reference. Relative risk was expressed by OR and 95% CIs. To estimate the prevalence of cirrhosis severity, we used previously validated universal cut-off points for CHC and CHB, 23 24 including F4.1-that is, 'compensated' cirrhosis without a high risk of portal hypertension (bleeding), F4.2 (high risk of bleeding) and F4.3. The F4.2 prevalence is representative of effective screening, as bleeding prevention can be started early to reduce mortality. Data were expressed using the median and 95% CI. The ORs were compared with Z tests. NCSS V.9.0 and R software V.3.1.2 was used.
RESULTS
We constructed a centralised database of 1 081 657 FT-AT that were performed consecutively on fresh serum between 2002 and 2014. After exclusion of possible duplicates (n=65 100), 252 688 subjects in USA, 470 762 in France and 293 107 in other countries had an FT-AT performed. Details of the fibrosis stage, the proportion of baby boomer population, extent of fibrosis according to gender and year of birth and the prescription rates of biomarkers are given in figure 1 . In other countries, in comparison with the USA and France, a higher proportion of the subjects investigated had cirrhosis, despite a younger age, the same association between fibrosis severity, age and male gender, with an exponential prescription rate was but without a dramatic increase in 2013-2014.
Impact of the 'baby boomer' HCV screening campaign, on FT prescription rates in the USA The official USA recommendation, released in 2013, was associated with a dramatic 138% increase in FT-AT prescriptions from 50 031 in 2011-2012 to 119 271 in 2013-2014. This was significantly higher ( p<0.0001) than the previous regular trend of 36 (table 3) . Of the 139 baby boomer women with nondecompensated cirrhosis, viral cure (or sustained virological response (SVR)) was obtained in 13 women and no deaths or liver complications were seen at 7 years (100% survival). In the 126 patients without SVR, 24 liver-related complications (52.7% at 8 years without complications (27.8% to 77.6%) p=0.04 vs SVR) and 11 deaths occurred (survival 79.8% (62.5-97.2) NS vs SVR). Of the 47 older women (66-75 years of age at inclusion), similar survival rates were seen: SVR was obtained in six women, all without the occurrence of liver complications at 7 years (100% survival); one non-liver-related death occurred (survival 69.2% (44.9% to 93.6%)). In the 41 patients without SVR, there were three liverrelated complications (84.1% without complications (66.6% to 100%) NS vs SVR) and seven deaths (survival 79.8% (62.5% to 97.2%) NS vs SVR) (see online supplementary data S3). Despite the small number of patients, these data suggest that the baby boomer age limit could be extended to women born between 1935 and 1944, in the absence of severe associated disease and if costeffectiveness analyses studies confirm the efficiency of DAA treatment.
Proportion of patients with CHC in the USA who might benefit from prioritisation for DAA treatments, as indicated by biomarkers Using FT and AT as markers of inflammation grade (see online supplementary data S4), we ranked the patients into five categories based on priority for treatment. For the first time necroinflammatory activity presumed by the ActiTest was assessed for each stage of fibrosis (figure 2 and online supplementary video 1). In the USA, 82.4% (208 174/252 688, (95% CI 82.2% to 82.5%)) of investigated patients could be classified according to consensual recommendations, either as the highest priority (n=83 058; 32.9% (32.7% to 33.1%)) or the lowest priority (n=125 116; 49.5% (49.3% to 49.7%)) (table 4). 
Sensitivity analyses
We found no estimate for biopsy prescriptions after the USA campaign started. Before 2013, similar trends were seen between the biopsy rate increase in Canada (41% (95% CI 23% to 61%)) 44 and the FT rate increase in our US population (37%) (see online supplementary data S6).
For the appropriateness of the 1945 threshold, similar results were seen using biopsy or FT. In women born between 1935 and 1944 we observed a high prevalence of cirrhosis (n=60) out of the 6412 (0.9%) patients biopsied (see online supplementary data S6).
The proportion of consensual priority groups estimated using biopsy in CHC was lower than in the USA cohort using FT-AT estimates in USA, both for the lowest priority category (A0A1F0F1: 26.0% vs 49.5%; p<0.0001) and highest priority (F3F4: 19.1% vs 32.9%; p<0.0001).
As expected allowing for the effect of age in FT dramatically modified the extent of liver fibrosis as well as the fibrosis spectrum (see online supplementary data S8). The strength of association between fibrosis severity and birth year, was still significant but with a smaller slope. The highest prevalence of cirrhosis identified in France, in women born between 1935 and 1944, persisted compared with the USA (OR=1.97 (1.83 to 2.23) ), or for men (OR=1.52 (1.43 to 1.61) ). Making an allowance for age reduced the proportion of the highest priority from 32.9% to 25.8% and increased the proportion of lowest priority category from 49.5% to 55.5%.
Sensitivity analyses among the French populations showed that patients with CHC in the PDC, in comparison with the overall French sample, were older (55.7 vs 50.7 years), with a similar proportion of women (43.4% vs 42.6%) and a similar proportion of cases of cirrhosis among the women born between 1935 and 1944 (1.2% vs 1.1%). The much lower prevalence of cirrhosis among women born between 1935 and 1944 in patients without CHC (0.2% in CHB, 0.3% in NAFLD and 0.5% in ALD) suggested that the higher prevalence of Figure 2 The extent of fibrosis according to activity grade as predicted by the ActiTest biomarker (see online supplementary data video 1 for the USA). First column: percentage of activity grade ranges presumed by the ActiTest, no activity (A0) and severe necroinflammatory activity (A3). Second column: among subjects without activity (A0), fibrosis density plots according to fibrosis presumed by FibroTest (y-axis) and year of birth (x-axis). Concentric black lines indicate centiles of density, with higher density in the inner circle; subjects outside the outer line comprise <10% of population. The two vertical black lines indicate the years of birth 1945 and 1965. Third column: fibrosis density plots among subjects with minimal activity (A1). Fourth column: fibrosis density plots among subjects with moderate activity (A2). Fifth column: fibrosis density plots among subjects with severe activity (A3). For all countries and all grades of activity there was a strong association between fibrosis severity, age and male gender. The 2 crossing lines represented linear regression between FibroTest and date of birth, according to gender (men in blue and women in red). cirrhosis detected in France was indeed related to CHC in this age group (see online supplementary data S5). In patients of the Paris HIV centre, fibrosis was most severe with more cirrhosis despite younger age, with a significantly higher slope of fibrosis according to age, both for men and women (see online supplementary data S9).
Results of the analyses of samples in the USA, France and in other countries are shown in online supplementary files S10-A, S10-B and S10-C, respectively. Interestingly, despite the non-specific prescription of FT for CHC, there was a bimodal distribution of liver severity proportions with the same total of highest priority plus lowest priority in France 84%=27%+57% and in other countries 84%=33%+51%, similar to that seen in the USA for CHC only 83%=33%+50%. France had the highest proportion of low and lowest priority subjects (57%).
DISCUSSION
In this study we measured the positive effect of the USA campaign on significant fibrosis awareness, even if this effect cannot be dissociated from the simultaneous awareness of the availability of DAAs. In France, a country without a screening campaign, no such increase was seen despite the same awareness of DAAs. Comparisons with France, where fibrosis biomarkers were widely used, suggest that in countries where women's life expectancy is >80 years, an extension of screening to women born between 1935 and 1944 could be discussed after a cost-effectiveness analysis. Biomarkers such as FT-AT enabled assessment of the proportion of patients at highest and lowest priority for DAA treatment for CHC.
The main advantage of this study was to analyse the burden of asymptomatic severe liver disease on a scale that is not possible with biopsy. The main limitation was the retrospective design and the dependence of test prescriptions mostly driven in the USA by health insurance policies requiring proof of advanced fibrosis for DAA treatment. Therefore our design could not guarantee that the samples were representative of the true fibrosis spectrum, or of the prevalence of different confounding factors. We did not record data on treatments and their effectiveness.
An unmet need for decreasing the burden of chronic liver diseases has been the absence of non-invasive biomarkers. The natural history of liver fibrosis in individuals has been primarily based on biopsy, which is the only direct estimate of fibrosis, and although accurate despite a large sampling error, is limited by its applicability, cost and risk. 4 6 11 35-37 39 44-47 These limitations introduced bias into our previous awareness of fibrosis severity, as details of biopsies were mostly provided by the availability of treatments and integrated databases of phase 3 trials (see online supplementary data S1). 14 47 In larger populations studies, the severity of liver disease has been based on transaminases such as alanine aminotransferase (ALT), 48 a biomarker of limited use as it is mainly associated with activity, and not specific or sensitive for the diagnosis of fibrosis. Furthermore, ALT decreases with age and cirrhosis occurrence. 49 FT is one of many methods used to determine fibrosis stage. It has limitations, but it has key features, not achieved by other methods, such as APRI (aspartate aminotransferase to platelet ratio index), FIB-4 ( patient age, aspartate aminotransferase, ALT and platelets) (both including transaminases) or transient elastography. These include its applicability (97%), its performance in the diagnostic and prognosis of the most frequent types of fibrosis, 4-6 15-37 its association with the ActiTest-a validated biomarker of activity, 16 21 and its centralised assessment, using pre-analytical and analytical standardisations with reliability algorithms. 17 We acknowledge that we have a conflict of interest and that FT is not a perfect blood test. Using biopsy, even a perfect test cannot have an area under the receiver operating characteristic curve >90%. 50 FT is more expensive than APRI and FIB-4, but it has a higher diagnostic and prognostic performance, with more validations in CHC, CHB, NAFLD and ALD, including direct comparisons in an intention to diagnose. 5 6 51 It also has higher applicability than transient elastography, 46 51 and is implemented at the same cost with a biomarker of activity. The cost of such accurate biomarkers must continue to decrease in order to increase the global awareness of fibrosis. Only one independent cost-effectiveness study has been published so far, in favour of FT in CHC. 52 The increase of FT prescriptions since 2013 is not sufficient to validate the screening strategy in the USA, as the start of the campaign was associated with the availability of DAAs together with health insurance policies requiring proof of advanced fibrosis for DAA coverage. [8] [9] [10] [11] However, here we observed a 138% increase in FT prescriptions in the USA in 2013-2014 in comparison with 2011-2012, which might be due to campaign effectiveness, as such changes were not seen in France, which had the same rules of reimbursement for DAAs. This highlights a difference between the two countries in who is screened for HCV and who will receive a fibrosis test. Our study also ignored the significant lag time between a recommendation for increased HCV screening and the implementation of increased screening, not to mention fibrosis marker testing. In the USA, the Centers for Disease Control and Prevention recommendation for baby boomer testing was released in 2012 but it was only when the US Preventive Services Task Force released its report in 2013 that baby boomer HCV antibody screening became universally reimbursable. A longer follow-up should clarify the independent weight of the screening campaign. In other countries the increase in FT prescription rate has been continuous and exponential for the past 10 years (figure 1).
One explanation for the absence of such an increase in France is the very large use of FT in France as 470 762 subjects were investigated, which is much greater than the estimate of 183 528 subjects aware of their HCV status. Therefore the vast majority of French patients with CHC was already aware of their fibrosis stages (estimated 77%) and did not need to be investigated in 2013-2014 when use of DAAs started (see online supplementary data S6c). In the USA the proportion of subjects investigated by FT among those aware of their HCV status was estimated to be <15% (see online supplementary data S6c), which leaves room for an increase in test prescriptions associated with DAA reimbursement and screening.
We suggested an improvement of the USA screening strategy by extending screening to women born between 1935 and 1944 (up to 80 years in 2015), if our results are confirmed by an independent study. These women had an HCV infection prevalence already >1%, 10 43 and were screened two times less often in the USA than in France, owing to the 1945 threshold choice. In a small sample of French women in this category, no liverrelated complications occurred at 5 years in women who had been virologically cured, in contrast to nonresponders or women who had not been treated. A costeffectiveness analysis is mandatory before such change in recommendations is made, but there is no clear rationale for refusing treatment and reimbursement in women who have cirrhosis and no associated severe disease, with life expectancy already >80 years in 2010. We are less convinced of the efficacy of extended screening in men, who in the USA have a mean life expectancy of <80 years.
We also assessed the proportion of the different priority categories for DAA treatment-a major economic problem. For the first time at such a large scale, using both staging by FT and grading by AT, we found that that the highest priority group F3F4 included 33% of patients and the lowest priority group, 50%. These estimates could be useful for determining health policies. For instance, extending the treatment indication to F2-A2A3 (the second priority category) in the USA, would increase the high priority population by only 2.8% (see online supplementary data S4). The same proportions were seen in other countries (see online supplementary data S10-C).
We compared the effect of screening patients with a specific cause of liver disease-HCV in the USA-with screening of fibrosis whatever the cause-in France. In the USA the sample investigated comprised 15.1% of HCV-aware subjects (see online supplementary data S6). Interestingly, the prevalence of cirrhosis was similar to that of a recent large US HCV cohort using liver biopsy -21.4% vs 18.5%, respectively 47 (see online supplementary data S5). In France, fibrosis awareness was obviously not restricted to CHC and CHB. Indeed, the number of French subjects aware of their fibrosis stage was greater than the estimates of French subjects aware of their anti-HCV or HBsAg status. The remaining subjects were presumably investigated for other causes, mainly NAFLD and ALD (see online supplementary data S9). Assuming that CHC represented at least 30% of investigated subjects, our sample might have represented 77% of HCV-aware subjects (see online supplementary data S6). The non-identification of CHC among the overall French sample is a limitation. However, the sensitivity analysis in the PDC subpopulation showed that patients with CHC, in comparison with the overall French sample, had a similar proportion of cirrhosis among the women born between 1935 and 1944 (1.2% vs 1.1%), in contrast to patients without CHC: 0.2% in CHB, 0.3% in NAFLD and 0.5% in ALD. These latter proportions were much lower than in patients with CHC (1.2%), suggesting that the higher prevalence of cirrhosis detected in France was indeed related to CHC in this age class. Another limitation was the absence of information about the ethnicity of all the populations.
Despite these limitations, the main results were robust using sensitivity analyses. The same results and conclusion were found using biopsy or FT adjusted for age and gender. Although we consider these data promising, further validation of biomarkers such as FT is needed to prove their efficiency in screening for fibrosis. We recognise that the overall success of any screening programme should be measured by the outcome of long-term treatment. We cannot comment on treatment success rates or reductions in mortality, as these data were not prospectively collected. Several barriers need to be overcome to fully define the potential benefit of any screening in reducing liver-related morbidity and mortality.
In conclusion, this is a proof of concept of a new generation of observational made possible by the global centralisation of such tests, enabling collection of 1 081 657 consecutive tests. The design did not allow us to control for confounding variables and bias as with classic epidemiological studies. Owing to the simultaneous awareness of the HCV campaign and of the reimbursement rules for effective DAAs, our study describes only a marked increase in fibrosis awareness without identifying the respective weight of these two drivers. Comparisons with France according to age and gender suggested that women born between 1935 and 1944 are a group at high risk for cirrhosis and premature death if not treated, who were excluded from baby boomer screening in the USA. This might explain why they have been less identified than in France. It is suggested that a cost-effectiveness analysis should be performed before decisions about whether or not to extend screening are made. Finally, it was reassuring that in patients investigated, >80% had criteria showing them to be highest priority or lowest priority for expensive antiviral treatments.
